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Abstract 
The authors investigated aquatic fungi growing on the carapaces of 29 species of dead crus- 
taceans (13 species of Copepoda, 13 species of Cladocera nd 3 species of Ostracoda) in the 
water from six limnological nd trophical different water bodies (two springs, one river, one 
lake and two ponds). All of these waterbodies are strongly loaded. 146 species of aquatic 
fungi were found on the carapaces: 40 Chytridiomycetes, 1 Hyphochytriomycete and105 
Oomycetes. The most common fungus pecies were Karlingia chitinophila, Myzocytium i- 
crosporum, Myzocytium zoophthorum, Pythium acanthicum, Pythium butleri and Pythium 
myriotylum. Most zoosporic fungus species were observed on the specimens of Daphnia 
pulex (50 fungus pecies), Daphnia magna (48) and Cyclocypris laevis (44), fewest on Cy- 
clops fuscus and Cyclops vicinus (each 10). 
The most fungi were growing in the water from River Supra~l (86), the fewest in the water from 
Pond Fosa (53). Cluster analysis of the investigated parameters carried out in water bodies dur- 
ing the experiment on zoosporic fungus pecies has revealed that in the water from springs and 
Pond Fosa the number of fungus pecies is closely associated with the concentration f sul- 
phates, in water from River Supragl and Lake Komosa with calcium and in the water from Pond 
Dojlidy with chlorides. Out of these 146 species, 21 are known as parasites or necrotrophs of 
fish. Some dead specimens of crustacean species are a new substrate for some fungus pecies. 
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Introduction 
Mass growth of plankton crustaceans, which can be ob- 
served in the non-ice period, results in a huge mass of or- 
ganic matter (TAMMINEN & KUOSA 1998). After death, 
crustacean specimens fall to the bottom of a water as 
chitin carapaces forming the so-called "rain of corpses" 
and become decomposed bybacteria nd fungi. Chitin, a 
polysaccharide containing N-acetylglucosamine resi- 
dues and showing high resistance to the action of hy- 
drolytic enzymes, is the main component of crustacean 
carapaces. Therefore, chitin structures, including chitin 
of crustacean carapaces, exhibit marked persistence. The 
contribution ofbacteria to the degradation f chitin crus- 
tacean structures i relatively well known (BENECKE 
1905; JEUNIAUX 1958; RHEINHEIMER 1985), while the 
knowledge on the involvement oflower zoosporic fungi 
is fragmentary. Reports in this field have been limited to 
exuviae of aquatic insects, and only a few species of 
chytrids involved in the process have been described 
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(WILLOUGHBY 1961; REISERT & FULLER 1962; MUR- 
RARAY & LOVETT 1966). Our preliminary investigations 
(CZECZU~A et al. 1998b, 1999b, 2000) have revealed that 
a larger number of zoosporic fungi belonging to differ- 
ent classes of Oomycetes than it was assumed contribute 
to the decomposition f chitin carapaces of crustaceans. 
Therefore, the aim of the present study was to deter- 
mine the species composition of lower zoosporic fungi 
growing on dead specimens of freshwater crustacean 
species which take part in the decomposition f chitin 
carapaces of representatives of crustaceans commonly 
encountered in inland waters. 
Material and Methods 
The study was carried out in the year 1999 in spring 
(May-June). 
We studied 29 freshwater c ustacean species, includ- 
ing 13 species of Copepoda (4 Calanoida nd 9 Cy- 
clopoida), 13 species of Cladocera nd 3 species of Os- 
tracoda. Most of the species were collected from ponds 
and small water bodies in the vicinity of Bia~ystok in 
Poland (53°02 ' N, 23°05 , E). 
The water for experiments was collected from six dif- 
ferent water bodies: 
- Spring Cypisek, localized in the north part of 
BiaIystok: Limnokrenic type, width 0.41 m, depth 
0.17 m, discharge 0.6 1/s. The spring is surrounded by 
single pine trees, around the spring are cultivated fields. 
The bed is covered with sand. 
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- Spring Jarosz6wka, localized in the north part of 
Bia/ystok: Limnokrenic type, width 0.65 m, depth 
0.12 m, discharge 2.4 l/s, surrounding without rees. The 
spring is surrounded by cultivated fields. The bed is cov- 
ered with sand. 
- River Supragl, right-bank tributary of the middle 
part of the Narew river flowing through the Knyszyfiska 
Forest: Length 106.6 kin. The samples were collected 
from the site above the municipal swimming pool at the 
sluice of an arm of the Supragl river flowing just through 
the town Supragl (CZECZUGA et al. 2000). The sampling 
site is surrounded by meadows. The bed is muddy. 
- Lake Komosa, localized in the Knyszyfiska Forest: 
Area 12.1 ha, max. depth 2.25 m. The lake is surrounded 
by extensive coniferous woods. 
- Pond Dojlidy, localized in the near of Bialystok: 
Area 34.2 ha, max. depth 2.85 m, its south shores border 
with coniferous woods and its western part with the 
town of Bialystok. The samples were collected from the 
western part of this pond, which is used by the inhabi- 
tants of the town as a beach (CzEcZUGA & MAZALSKA 
2000). 
-Pond  Fosa, localized in the Palace Park of 
Bialystok: Area 2.5 ha, max. depth 1.75 m. Pond with 
wild ducks and breeding swans as well as crucian carp 
and tench bred, used by anglers. The pond is surrounded 
by meadows with linden (Tilia cordata MILL.) and elm 
(Ulnus ca~pinifolia GLED.). 
Samples of water were collected from the river, the 
ponds and the lake with a 1 litre Ruttner sampler, ap- 
proximately 2 m from the shore and 50 cm under the sur- 
Table 1. Chemical composition (in mg I 1) of water from the different water bodies (n=3). 
Specification Spring Spring River Lake Pond Pond 
Cypisek Jaroszdwka Supragl Komosa Dojlidy Fosa 
Temperature (° C) 8.2 9.0 7.0 8.5 9.0 10.5 
pH 7.17 7.63 7.55 7.87 8.19 7.94 
02 9.6 9.4 8.2 12.0 10.4 8.4 
BODs 4.2 3.6 4.0 5,8 7.8 7.8 
COD 3.6 3.9 6.7 8.60 20.40 24.80 
C02 17,6 15.4 11.0 11.0 4.4 15.4 
Alkalinity in CaCQ (reval I-~) 5.2 5.8 6.5 4.4 2.9 4.8 
N-NH3 0.10 0.10 0.14 0.22 0.68 0.40 
N-N02 0.008 0.003 0.0 0,001 0.003 0.003 
N-N03 0.035 0.760 0.0 0,0 0.0 0.010 
P-P043- O. 26 0.90 O. 14 0.07 O. 14 O. 11 
Sulphates 48,54 51.43 38.26 32.09 30.03 54.72 
Chlorides 20 14 16 11 24 57 
Total hardness in Ca 85.68 97.92 70.56 54.00 42.48 72.00 
Total hardness in Mg 32.68 30.10 11.61 24.94 17.20 31.39 
Fe 0.0 0.0 0.20 0,0 0.50 0.50 
Dry residue 432 507 205 257 178 466 
Dissolved solids 417 460 195 251 174 454 
Suspended solids 15 47 10 6 4 12 
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Fig. 1. Some non-chitinophilic fungus species growing on the carapaces of dead crustaceans (x200). 
A - Achlya apiculata, oogonium (60-80 x 50-60 IJm diameter); B - Achlya colorata, hyphae from oogonium (40-115 lJm diameter); 
C - Cladolegnia unispora, hyphae and developmental oogonium (25-75 lJm diameter); D - Saprolegnia ferax, sporangia from spores. 
face. In springs samples were taken from surface. After 
collecting water at each field, 19 hydrochemical param- 
eters of these water bodies were determined (Table 1) 
according to the methods recommended by Standard 
Methods for the Examination fWater and Wastewater 
(GREENBERG et al. 1992). 
The following procedure was employed to establish 
zoosporic fungus species growing on the carapaces of 
dead crustaceans: Alive crustaceans were collected with 
a plankton net in the period of mass occurrence of a 
given species (May, June). The sample was then cen- 
trifuged. Individuals of a particular species were sepa- 
rated under a binocular using a micropipette and placed 
on filter paper for a few days to dry. A certain amount of 
dry specimens of each crustacean species was trans- 
ferred to two 1.0 litre vessels filled with water from one 
of the water bodies examined. The water had been fil- 
tered through a gauze with 50 pm meshes (CzECZUGA 
et al. 2000). Altogether, for each species twelfe vessels 
were filled for the examination. 
The vessels were placed in the laboratory at a temper- 
ature approaching the ambient outside one. Then a por- 
tion of the crustaceans from each vessel was observed 
under a microscope, and mycelium (zoosporic, an- 
theridia nd oogonia forms) of the aquatic fungi growing 
on the crustaceans was examined. The methods were 
described in detail by FULLER & JAWORSKI (1986). The 
specimens of a particular species were examined once 
or twice a week. The experiments lasted one month. For 
determinations of the fungi the following keys were 
used: JOHNSON (1956), SPARROW (1960), WATERHOUSE 
(1968), SEYMOUR (1970), BATKO (1975), KARLING 
(1977), DICK (1990) and PYSTINA (1998). 
The water chemistry data and the aquatic fungal flora 
of these investigations were elaborated by cluster analy- 
sis (PODANI 2000). 
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Table 2. Species of crustaceans and zoosporic fungi growing on these organisms. 
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Crustaceans (Order, Suborder and Species) Fungi (see Table 3) Number 
of fungus 
species 
Copepoda 
Cyclopoida 
1. Acanthocyclops gigas (CLAUS) 
2. Cyclops fuscus (JuRINE) 
3. Cyclops kolensis (LILLJEBORG) 
4. Cyclops vicinus ULJANI. 
5. Diacyclops bisetosus (REHBERG) 
6. Eucyc/ops macrurus (G.O. SARS) 
7. Megacyclops viridis (JuRINE) 
8. Mesocyclops leuckarti (CLAUS) 
9. Paracydops fimbriatus (FlSCH.) 
1,6,17,20,36,37,54,66,69,98,99,103,109,116,118,135,136,145 18 
8,11,12,19,21,69,101,103,I09,134 10 
17,43,44,47,54,55,56,58,60,73,74,76,77,79,81,82,83,85,85,87,90,91,98,99, 
102,103,105,114,116,127,130,141,143 33 
12,39,41,52,63,72,101,134,135,141 10 
1,8,12,13,17,19,20,34,36,37,50,54,73,98,99,101,103,106,109,119,121,127, 
128,134,140,141 26 
6,8,19,41,45,47,59,66,84,85,92,98,99,101,102,11 O, 1 ,114,121,124,127, 
135,137,141,144 25 
1,3,8,11,12,19,25,28,33,50,65,68,69,77,92,99,101,109,121,127,132,133,134 23 
2,8,12,19,28,33,34,55,66,68,99,101,103,109,127,139,141,144,145 19 
5,12,19,41,52,68,69,70,92,99,101,109,121,127 14 
Calanoida 
10. Acanthodiaptomus denticomis (WIERZEJSKI) 
11. Piaptomus castor(JuRINE) 
12. Eudiaptomus gracilis (G.O. SARS) 
13. Eudiaptomus graciloides (LILLJEBORG) 
5,12,19,36,69,73,75,82,98,99,101,109,129 13 
12,21,34,65,66, 92,98,99,101,103,11 O, 124,145 13 
3, 5, 7,12,17,20,34, 35,42, 52,64, 65,66,68, 69, 92,98,99,102,108,114,125,126, 
141,144 25 
1,1 O, 19,21,23, 36,37,43,50, 69, 73,75, 82,92,98,99,118,120,121,127,131,144, 
156 23 
Cladocera 
14. Alona quadrangularis (0. F. M OLLER) 
15. Bosmina Iongirostris (O.F. MOLLER) 
16. Ceriodaphnia quadrangula (O.F. MOLLER) 
17. Daphnia cucullata (G.O. SARS) 
18. Daphnia hyalina LEYDIG 
19. Daphnia magna STRAUS 
20. Daphnia pu/ex(DE GEER) 
21. Diaphanosoma brachyurum LIEVlN 
22. Holopedium gibberum (ZADDACHI) 
23. Po/yphemus pediculus L, 
24. Scapholeberis mucronata (O.E MOLLER) 
25. Sida crystallina (O.E MOLLER) 
26. Simocephalus vetulus (O.E MOLLER) 
1,3,12,39,50,65,70,95,98,99,101,103,109,127 14 
1,12,17,38,40,65,66,95,97,98,99,105,109,114,118 15 
1,11,12,17,18,19,52,64,66,73,75,84,99,101,102,127,129,135 18 
1,3,4,7,11,12,16,22,26,34, 50 64,65,66,69,92,98,99,102,103,109,121,126, 
141,144 25 
1,8,12,21,69,77,101,102,103,109,113,115,121,126,127,141,144 17 
8,9,12,15,17,19,41,44,46,47,48,49,51,52,54,55,56,57,58,61,62,66,68, 
70,72, 73,74,75,76,77,78,79,82,83,86,87,89,92,98,99,101,102,109,116,119, 
126,145, 146 48 
7,8,9,17,19, 25,31,32, 33,41,42,44,45,47,49, 52, 53,56, 59,64,66,67,69, 70, 71, 
72, 79,81,82,83,84,87,88,92,94,98,99,101,103,104,106,110,111,119,124, 
126,127, 128,129,135 50 
1,3,12,52,53,68,98,99,102,103,109,127,132,141,144 15 
3,5,11,12,14,15, 20, 24, 26, 29, 64,65,66, 92,98,99,102,103,109,113,121,122, 
126,144 24 
6,8,17,45,65,69,72,73,82,98,99,103,105,109,116,118,120,121,127,136,143 21 
1,3,12,17,19,52,60,65,69,72,75,84,98,99,102,109,126,127,132,135 20 
1,8,19,37,39,66,68,75,98,99,101,102,111,120,123,134,135 17 
1,69,73,92,96,97,99,101,103,104,109,120,127,131,140,142,143,144 18 
Ostracoda 
27. Cyclocypris beds (0. F. MOLLER) 
28. Cypria ophthalmica JURINE 
29. Cyprispubera (O.F. MOLLER) 
3,7,8,9,12,15,19,30,34,44,48, 54,60,61,64,65,66,67,69,72,73,75,76,77,80, 
82,86,87,89,92,93,95,98,99,100,101,102,103,109,112,116,124,138,144 
12,27,33,50,55,64,66,72,73,75,77,84,92,95,98,99,103,108,109,127,141 2  
12,34,47,63,98,99,103,109,115,117,132,141 12 
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Table 3. Zoosporic fungi growing on dead specimens of 29 freshwater crustacean species. 
Fungi (Classes, Orders and Species) Crustaceans (seeTable 2) Number of 
crustaceans 
Chytridiomycetes 
Olpidiales 
1. Blastulidium paedophthorum PEREZ 
2. Myiophagus ucrainica (WlZE) SPARROW 
3. Olpidium granulatum KARLING 
4. Olpidium gregarium (NOWAKOWSKI) SCHROETER 
5, Olpidium rotiferum KARLING 
6. Reesia c/adophorae FISCHER 
Chytridiales 
7, Asterophlyctis irregularis KARLiNG 
8. Chytriomyces aureus KARLING 
9. Chytriomyces hyalinus KARLING 
10. Chytriomyces stellatus KARLING 
11. Entophlyctis Iobata WILLOUGHBY 
12. Karlingia chitinophila KARLING 
13. Obelidium mucronaturn NOWAKOWSKI 
14. Phlyctidium scenedesmi FOTT 
15. Phlyctochytrium aureliae AJELLO 
16. Phlyctorhiza endogena HANSON 
17. Podochytrium chitinophilum WILLOUGHBY 
18. Polychytrium aggregatum AJELLO 
19. Rhizidium chitinophilum SPARROW 
20. Rhizidium nowakowskii KARLING 
21. Rhizidium ramosurn SPARROW 
22. Rhizidiurn reniformis KARLING 
23. Rhizoclosmatiurn hyalinum KARLING 
24. Rhizophlyctis ingoIdii SPARROW 
25. Rhizophlyctis petersenii KARLING 
26. Rhizophydium gibbosum (ZOPF) FISCHER 
27. Rhizophydiurn laterale (BRAUN) RABENHORST 
28. Rhizophydium acrosporum KARLING 
29. Rhizophydium sphaerotheca ZOPF 
30. Rhopalophlyctis sacroptoides KARLING 
31.5iphonaria variabilis PETERSEN 
Blastocladiales 
32. AIIomyces arbuscula BUTLER 
33. B/astocladiella britannica HORENSTEIN et CANT[NO 
34. Catenaria nguillulae SOROKIN 
35. Catenaria verrucosa KARLING 
36. Coe/omomyces lativittatus COUCH et DODGE 
37. Coelomomyces macleayae LAIRD 
38. Coelomomyces pentangulatus Couch 
39. Coelomomyces psorophorae COUCH 
40. Coelomomyces puntatus COUCH et DODGE 
Hyphochytriomycetes 
Hyphochytriales 
41. Rhizidiomyces bivellatus NABEL 
Oomycetes 
Saprolegniales 
42.*Ach/ya ambisexualis RAPER 
43.* Achlya americana HUMPHREY 
44.* Ach/ya apiculata DE BARY 
45.* Achlya caroliniana COKER 
46. Achlya colorata PRINGSHEIM 
1,5,7,13,14,15,16,17,18,21,24,25,26 13 
8 1 
7,12,14,17,21,22,24,27 8 
17 1 
9,10,12,22 4 
1,6,23 3 
12,17,20,27 4 
2, 5,6,7,8,18,19,20, 23,25,27 11 
19,20,27 3 
13 1 
2,7,16,17,22 5 
2,4,5,7,8,9,10,11,12,14,15,16,17,18,19,21,22,24,27,28,29 21 
5 1 
22 1 
19,27 2 
17,22 2 
1,3,5,12,15,16,19,20,23,24 10 
16 1 
2,5,6,7,8,9,10,13,16,19,20,24,25,27 14 
1,5,12,22 4 
2,11,13,18,28 5 
17 1 
13 1 
22 1 
7,20 2 
17,22 2 
28 1 
7,8 2 
22 1 
27 1 
20 1 
20 1 
7,8,20,28 4 
5,8,11,12,17,27,29 7 
12 1 
1,5,10,13 4 
1,5,13,25 4 
15 1 
4,14,25 3 
15 1 
4,6,9,19,20 5 
12,20 2 
3,13 2 
3,19,20,27 4 
6,20,23 3 
19 1 
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Table 3. (Continued). 
Fungi (Classes, Orders and Species) Crustaceans (seeTable 2) Number of 
crustaceans 
47. Achlya crenulata ZIEGLER 
48. Achlya debaryana HUMPHREY 
49.* Achlya diffusa HARVEY ex JOHNSON 
50.* Achlya dubia COKER 
51. Achlya hypogyna COKER et PEMBERTON 
52.* Achlya klebsiana PETERS 
53. Achlya oblongata DE BARY 
54. Achlya oligacantha DE BARY 
55.* Achlya orion COKER et Couch 
56.* Achlya polyandra HILDEBRAND 
57.* Achlya pro/ifera NEES 
58.* Achlya proliferoides COKER 
59.* Achlya racemosa HILDEBRAND 
60. Achlya rodrigueziana El. WOLF 
61. Achlya treleaseana (HUMPHREY) KAUFFMAN 
62. Aphanomyces acinetophagus BARTSCH et WOLF 
63. Aphanomyces amphigynus CUTTER 
64. Aphanomyces astad SCHIKORA 
65. Aphanomyces bosminae SCOTT 
66. Aphanomyces daphniae PROWSE 
67. Aphanomyces he#co/des MINDEN 
68. Aphanomyces irregularis SCOTT 
69.* Aphanomyces leavis DE BARY 
70. Aphanomyces ovidestruens GICKLHORN 
71. Aphanomyces paterson# SCOTT 
72. Aplanes androgynus (ARCHER) HUMPHREY 
73. Cladolegnia unispora (COKER et CoucH) JOHANNES 
74.* Isoachlya monilifera (DE BARY) KAUFFMAN 
75.* Leptolegnia daudata DE BARY 
76. Saprolegnia nisospora DE BARY 
77. Saprolegnia sterophora DE BARY 
78. Saprolegnia crustosa MAURIZIO 
79.* Saprolegnia de/ida COKER 
80.* Sapro/egnia diclina HUMPHREY 
81. Saprolegnia eccentrica (COKER) SEYMOUR 
82.* Saprolegnia ferax (GRUITH.) THURET 
83. Saprolegnia glomerata (TIESENHAUSEN) LUND 
84. Saprolegnia/atvica APINIS 
85. Saprolegnia litoralis COKER 
86.* Sapro/egnb monoica PRINGSHEIM 
87.* Saprolegnb parasitica COKER 
88. Saprolegnia pseudocrustosa A. LUND 
89. Sapmlegnia torulosa DE BARY 
90. Saprolegnb uligbosa JOHANNES 
91 .* Thraustotheca davata (DE BARY) HUMPHREY 
Lagenidiales 
92. Lagenidium giganteum COUCH 
93. Lagenidium marchalianum DE WILDEMAN 
94. Lagenidium oophilum SPARROW 
95. Lagenidium podbielkowskii BATKO 
96. Lagenidium rabenhorstii ZopF 
97. Myzocytium megastomum DE WILDEMAN 
98. Myzocytium microsporum (KARLENG) SPARROW 
99. Myzocytium zoophthorum SPARROW 
3,6,19,20,29 5 
19,27 2 
19,20 2 
5,7,13,14,17,28 6 
19 1 
4,9,12,16,19,20,21,24 8 
20,21 2 
1,3,5,19,27 5 
3,8,19,28 4 
3,19,20 3 
19 1 
3,19 2 
6,20 2 
3,24,27 3 
19,27 2 
19 1 
4,29 2 
12,16,17,20,22,27,28 7 
7,11,12,14,15,17,22,23,24,27 10 
1,6,8,11,12,15,16,17,19,20,22,25,27,28 14 
20,27 2 
7,8,9,12,19,21,25 7 
1,2,7,9,10,12,13,17,18,20,23,24,26,27 14 
9,14,19,20 4 
2O 1 
4,19,20,23,24,27,28 7 
3,5,10,13,16,19,23,26,27,28 10 
3,19 2 
10,13,16,19,24,25,27,28 8 
3,19,27 3 
3,7,18,19,27,28 6 
19 1 
3,19,20 3 
27 1 
3,20 2 
3,10,13,19,20,23,27 7 
3,19,20 3 
6,16,20,24,28 5 
3,6 2 
3,19,27 3 
3,19,20,27 4 
20 1 
19,27 2 
3 1 
3 1 
6,7,9,11,12,13,17,19,20,22,26,27,28 13 
27 1 
20 1 
14,15,27,28 4 
26 1 
15,26 2 
1,3,5,6,10,11,12,13,14,15,17,19,20,21,22,23,24,25,27,28,29 21 
1,3,5,6,7,8,9,10,11,12,13,14,15,16,17,19,20,21,22,23,24,25, 
26,27,28,29 26 
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Table 3. (Continued). 
Fungi (Classes, Orders and Species) Crustaceans (seeTable 2) Number of 
crustaceans 
Leptomitales 
100. Apodachlya brachinema (HILDEBRAND) 
Peronosporales 
101. Pythium acanthicum DRECHSLER 
102. Pythium afertile KANOUSE et HUMPHREY 
103. Pythium aquatile HOHNK 
104. Pythium aristosporum VANTERPOOL 
105. Pythium arrhenomanes DRECHSLER 
106. Pythium arrhenomanes var. canadense 
VANTERPOOL et TRUSCOTT 
107. Pythium arrhenomanes var. philippinense ROLDAN 
108. Pythium artotrogus var. macracanthum SIDERB 
109. Pythiurn but/eri SUBRAMANIAM 
110. Pythium cactacearum PRETI 
111. Pythium catenulatum MATTHEWS 
112. Pythium debaryanum HESSE 
113. Pythium de/iense MAURS 
114. Pythium dissotocum DRECHSLER 
115. Pythium echinulatum MATTHEWS 
116. Pythium elongatum MATTHEWS 
117. Pythium gibbosum DE WILDEMAN 
118. Pythium globosum WALZ 
119. Pythium gracile SCHROTER 
120, Pythium graminicola SUBRAMANIAM 
121. Pythium helicandrum DRECHSLER 
122. Pythium imperfectum HOHNK 
123. Pythium indigoferae BUTLER 
124. Pythium inflatum MATTHEWS 
125. Pythium intermedium DE BARY 
126. Pythium jirovedi CEJP 
127. Pythium myriotylum DRECHSLER 
/ 28. Pythium oedochilum DRECHSLER 
129. Pythium oligandrum DRECHSLER 
130. Pytflium pallingenes DRECHSLER 
131. Pythium papillatum MATTHEWS 
132. Pythium paroecandrum DRECHSLER 
133. Pytflium periilum DRECHSLER 
134. Pythium periplocum DRECHSLER 
135. P.ythium pemiciosum SERBINOW 
136. Pythium polysporurn SOROKIN 
137. Pythium profiferum DE BARY 
138. Pythium pulchrum MINDEN 
139. Pythium rostratum BUTLER 
140. Pythium tardicrescens VANTERPOOL 
141. Pythium tenue GOB1 
142. Pythium torulosum COKER et PATTERSON 
143. Pythium vanterpoolii KOUYEAS V. et KOUYEAS H, 
Zygomycetes 
Entomophthorales 
144. Ancylistes cladocerarum FRITSCH 
145. Zoophthora rhizospora (THAXTER) BATKO 
Zoophagales 
146. Endococfllus asteroides DRECHSLER 
27 1 
2,4,5,6,7,8,9,10,11,14,16,18,19,20,25,26,27 
3,6,12,I6,17,18,19,21,22,24,25,27 
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6,11,20 
6,20,25 
27 
18,22 
3,6,12,15 
18,29 
1,3,19,23,27 
29 
1,13,15,23 
5,19,20 
13,23,25,26 
5,6,7,9,13,17,18,22,23 
22 
25 
6,11,20,27 
12 
12,17,18,19,20,22,24 
3,5,6,7,8,9,13,14,16,18,20,21,23,24,26,28 
5,20 
10,16,20 
3 
13,26 
7,21,24,29 
7 
2,4,5,25 
1,4,6,16,20,24,25 
1,23 
6 
27 
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5,26 
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26 
3,23,26 
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13,19 
17 
12 
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2 
3 
2 
1 
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3 
3 
1 
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1 
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1 
1 
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I 
7 
16 
2 
3 
1 
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4 
1 
4 
7 
2 
1 
1 
1 
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11 
1 
3 
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* Known in the literature as parasites or necrotrophs of fish. 
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Fig. 2. Cluster analysis of the physico-chemical parameters and number of fungus species growing on the carapaces of dead crustaceans in 
the six water bodies (see also p. 188/189). 
Results 
Hydrochemical data of water from the different water 
bodies used for the experiment are presented in Table 1. 
The highest values of oxidability, BODs, ammonium ni- 
trogen, chlorides and iron were found in the Pond Fosa. 
In water from the springs these parameters (except chlo- 
rides), showed the lowest values. 
Altogether, 146 zoosporic fungus species were grow- 
ing on dead specimens of freshwater crustaceans, the 
most common were the species of the genus Pythium, 
Achlya and Saprolegnia (Table 2, Fig. 1), The most fre- 
quently found species were Myzocytium zoophtorum, 
Myzocytium microsporum, Karlingia chitinophila, 
Pythium acanthicum, Pythium butleri and Pythium yri- 
otylum. Most zoosporic fungus species were observed 
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on the crustacean species Daphnia pulex, Daphnia 
magna nd Cyclocypris laevis, the fewest on Cyclops 
fuscus and Cyclops vicinus (Table 3). 
Regarding the different water bodies, most 
zoosporic fungus pecies were found on the freshwater 
crustaceans in the water collected from River Supragl 
(86), the fewest in water from Pond Fosa (53 species) 
(Table 4). 
Cluster analysis of the parameters carried out in water 
bodies during the experiment on zoosporic fungus 
species revealed that in water from springs and Pond 
Fosa the number of fungus pecies was closely associat- 
ed with the concentration f sulphates, in water from 
River Supragl and Lake Komosa with calcium concen- 
tration, and in water from Pond Dojlidy with chlorides 
(Fig. 2). 
For some fungus pecies are dead specimens of fresh- 
water crustacea a new substrate. These fungus species 
are Blastulidium paedophthorum, Myiophagus craini- 
ca, Olpidium gregarium, Olpidium rotiferum, Reesia 
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cladophorae, PhIyctidium scenedesmi, all five species 
of the genus Coelomomyces, Aphanomyces acinetopha- 
gus, Aphanomyces petersonii, Lagenidium mar- 
chalianum, Lagenidium oophilum, Lagenidium raben- 
horstii, Myzocytium icrosporum, Myzocytium egas- 
tomum, Pythium arrhenomanes var. canadense, Pythium 
arrhenomanes var. philippinense, Pythium artotrogus 
var. macracanthum and Endocochlus a teroides. 
21 species of aquatic fungi are known as parasites or 
necrotrophs of fish. 
Discussion 
Dead crustaceans colonized by fungus species 
After a few days, the first fungus species appeared. Rep- 
resentatives of the Chytridiales were the first species 
which were growing in a high number on the carapaces 
of dead crustaceans. After one week or two weeks later, 
on the carapaces of a certain number of crustaceans 
could be found representatives of Blastocladiales, 
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Table 4. Zoosporic fungi found on the crustaceans in the water from the six different water bodies of our study. 
Water bodies Fungi (see Table 3) Only in one water Number of 
fungus 
species 
Cypisek Spring 1,5,6,7,8,12,14,16,19,20,26,29,33,37,41,45,47,48,50,52,53,54,55, 14,29,100,123,133 75 
57,58,60,61,62,64,65,66,67,69,70,72,73,74,75,77,79,82,83,84,86, 
87,92,95,98,100,101,102,103,105,106,109,111,114,116,118,119, 
120,121,123,124,127,129,132,133,135,136,140,141,143,144,145 
Jaroszdwka Spring 1,2,3,5,6,7,8,9,12,16,17,19,22,23,24,26,28,33,35,36,37,39,41,44, 22,23,24,35,71,78, 72 
48,50,51,52,54,57,61,65,66,68,70,71,72,75,77,78,84,87,89,92,95, 97,110,130,142 
97,98,99,101,102,103,105,106,109,110,116,118,120,121,124,126, 
127,130,134,135,136,140,141,142,143,144,145 
Supragl River 
Komosa Lake 
Dojlidy Pond 
Fosa Pond 
1,3,6,7,8,11,12,13,17,19,20,21,25,26,27,30,31,33,36,37,38,39,40, 
42,43,44,45,46,47,48,49,51,52,53,54,55,56,57,58,59,60,63,64,65, 
66,67,69,73,74,75,76,77,79,80,81,82,83,84,85,86,90,92,93,98,99, 
101,102,103,105,107,108,109,112,114,118,120,121,126,127,128, 
132,135,137,141,144,145 
1,2,3,5,8,11,12,15,17,18,19,20,21,25,34,41,42,43,45,47,48,50,52, 
54,55,56,58,62,65,67,69,70,72,73,77,79,82,83,84,86,87,88,91,92, 
94,96,98,99,101,102,105,108,109,111,113,116,118,121,126,127, 
128,129,132,134,135,138,139,141,144,145 
1,3,4,5,8,10,11,12,17,19,20,21,32,33,34,36,41,44,48,49,53,56,58, 
59,63,64,65,66,69,73,74,75,79,82,87,89,92,95,96,98,99,102,103, 
109,114,116,117,118,119,121,125,127,131,134,135,141,144,145 
1,3,5,8,9,11,12,16,17,19,28,34,36,37,47,49,50,52,55,56,64,65,66, 
68,69,72,73,75,76,77,82,83,84,85,89,92,95,98,99,103,104,106,109, 
115,119,122,126,127,131,134,141,144,146 
13,27,30,31,38,40,46,80, 86 
81,90,93,107,112,137 
15,18,88,91,94,113,138,139 70 
4,10,32,117,125 58 
104,115,122,146 53 
Lagenidiales and Olpidiales. At that time the carapaces 
were also colonized by species of the orders Saproleg- 
niales and Peronosporales. 
Five zoosporic fungus pecies (Myzocytium zoophto- 
rum, Myzocytium icrosporum, Karlingia chitinophila, 
Pythium acanthicum, Pythium bufleri and Pythium yri- 
otylum) were the most common species on dead speci- 
mens of freshwater c ustaceans. In the literature, Myzo- 
cytium microsporum and Myzocytium zoophtorum are 
described as parasites of rotifers (BATKO 1975). Karlin- 
gia chitinophila was observed both in water and soil on a 
chitin-containing substrate (KARLING 1977). Pythium 
acanthicum and Pythium myriotylum are known to occur 
on the roots of higher plants. Also Pythium butleri grows 
on roots as a parasite of numerous higher plants (WATER- 
HOUSE 1968). These species have been frequently found 
in water bodies of various types in northeastern Poland 
(CzECZUGA • SNARSKA 2001). 
Chitin integuments of arthropods are slowly decaying 
solid structures (KARLSON 1980); thus, carapaces of 
Cladocera found in post-glacial bottom deposits of lakes 
can be used to identify ecological changes that have oc- 
curred throughout the centuries. Apart from rare species 
of bacteria, numerous zoosporic fungi with enzymes of 
the chitinase group are involved in the decomposition f 
chitin integuments. Soas these fungi split chitin struc- 
tures to chitosane, N-acetylic-d-glycosamines a d d-gly- 
cosamines (UNESrAM 1966), also other fungi species, 
not belonging to chitinophilic groups, start o operate. 
These are first of all representatives of Saprolegniales 
and Peronosporales and other species. This process takes 
also place during the decomposition f keratin struc- 
tures, which are so solid as chitin, by aquatic fungi 
(ENGLISH 1965; CZECZUGA ~:; MUSZY~SKA 200 lb). 
Chemical factors and number of fungus species 
Chemical analysis of water, revealed the difference be- 
tween the water bodies in regard to the content of biogenes 
and other chemical components. Studies on aquatic fungi 
belonging to different physiological groups (CzEcZUGA & 
GODLEWSKA 1994, 1998; CZECZUGA & MUSZYIqSKA 1998, 
1999; CZ~CZUGA et al. 1998a, 1999a) showed that environ- 
mental factors affect he number of species in these groups. 
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In the present study, the fewest fungus pecies were found 
to grow on the crustaceans from the water of Pond Fosa, 
while the most fungus pecies were growing in water from 
the River Supragl. A study of the occurrence of zoosporic 
fungi of the genus Pythium carried out for three years in 
the water of thirteen limnologically different aquatic reser- 
voirs by CZECZUGA & SNARSKA (2001) has revealed aneg- 
ative correlation between the number of species on the one 
hand, and the content of biogenes and the oxidability of 
water on the other hand. This also refers to other zoosporic 
fungus pecies (Cz~cZUGA & MAZALSKA 2000). Using the 
method of similarities, a comparison of the chemical pa- 
rameters of the waters examined in the present study with 
the number of fungus pecies growing on dead crustaceans 
has shown that he number of fungus pecies depends on 
such chemical factors as sulphates (Spring Cypisek and 
Spring Jarosz6wka, Pond Fosa), calcium (River Supra~l 
and Lake Komosa) and to a lesser degree on the concentra- 
tion of chlorides (Pond Dojlidy). Both sulphates and chlo- 
rides occur in large amounts in polluted and polytrophic 
waters. Pond Fosa had the highest concentration f sul- 
phates, chlorides and the highest oxidability and showed 
the fewest zoosporic fungus species growing on crus- 
taceans. This may be one of the causes for the phenomenon 
known in paleolimnology that in bottom deposits which 
are formed in the eutrophic phase of a lake more non-de- 
cayed fragments of crustacean carapaces can be found than 
in deposit layers of the less eutrophized phase (CZECZUGA 
& KOSSACKA 1977). 
Dead crustaceans as new substrates 
for some fungus species 
The present study indicates that dead specimens of 
freshwater c ustaceans are a new substrate for some fun- 
gus species examined, as well as for many others. It 
should be noted, for instance, that Myzocytium 
macrosporum grows in abundance in the water on the 
pollens of various species of gymnospermous plants 
(CZECZUGA & MUSZYIqSKA 2001 a). 
Blastulidium paedophthorum was described as a par- 
asite of crustacean embryos of the genus Daphnia 
(PEREZ 1903); later it was also found in other epresenta- 
tives of Cladocera (PEREZ 1905; JIROVEC 1955). In our 
study this fungus was observed on eight species of 
Cladocera nd on four species of Copepoda, which are 
new types of substrate for this species. Myiophagus 
ucrainica has been known as a parasite of insect pests of 
cultivated plants. It was first described by WIZE (1904) 
in the Ukraine as a parasite of the insect Cleonus punc- 
tiventris, a beet pest, and later as a parasite of other land 
insects in Bermuda (KARLING 1948), in the United States 
(FISCHER 1950) and in Canada (KARLI~G 1977). We ob- 
served its growth in the water collected from Spring 
Jarosz6wka nd Lake Komosa. 
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Olpidium rotiferum, found in the present study on two 
Copepoda (Paracyclops fimbriatus and Acanthodiapto- 
mus denticornis) and Olpidium gregarium found on 
Cladocera representatives (Daphnia cucullata) were de- 
scribed formerly as parasites of rotifers and their eggs 
(KARLING 1946). Also in the keys they are presented as 
parasites of that group of aquatic species (BATKO 1975; 
KARLING 1977). 
Reesia cIadophorae, first described as a parasite of 
algae of the genus Cladophora (FISCHER 1892), was 
found in our study on two Copepoda species and on one 
Cladocera species. First described by FOTT (1950), 
Phlyctidium scenedesmi is known as a parasite of green 
alga Scenedesmus quadricauda (BATKO 1975; KARLING 
1977). We observed its growth on the specimens of 
Holopedium gibberum inwater from Spring Cypisek. 
Dead specimens of freshwater c ustaceans are a new 
substrate for of all the five species of the genus Coelo- 
momyces. Up to the present, hese five species have been 
known as parasites of larvae of various mosquito 
species, and the first descriptions are also from 
mosquitos (CoucH 1945; COUCH & DODGE 1947; LAIRD 
1959). WHISLER et al. (1975) when studying the devel- 
opmental cycle of Coelomomyces psorophorae stab- 
lished that Cyclops vernalis, aCopepoda representative, 
could be an alternative host for this fungus. In our case, 
the fungi of the genus Coelomomyces were not only 
found on dead specimens of Copepoda but also on 
Cladocera representatives. This seems to suggest that 
they may have a saprophytic mode of life on dead fresh- 
water crustaceans. 
The group of new species for this substrate also in- 
cludes two species of the genus Aphanomyces. 
Aphanomyces acinetophagus was found to grow on 
Daphnia magna specimens in the water collected from 
all water bodies. This species was first described as a 
parasite of the ciliate Acinetaflava belonging to Sucto- 
ria (BARTSCH & WOLF 1938), and also in other literature 
it has been presented as a parasite of these protozoans 
(BATKO 1975). An other species, Aphanomyces p ter- 
sonii, was found to grow on Daphnia pulex specimens in
the water of Spring Cypisek and Lake Komosa. It was 
described by SCOTT (1960) as an aquatic saprophyte. 
For three species of the genus Lagenidium are dead 
crustaceans also a new substrate. Lagenidium oophilum 
was described in the literature as a parasite of eggs of ro- 
tifers (SPARROW 1939), Lagenidium archalianum as a 
parasite of algae of the genus Oedogonium (WmDEMAN 
1892), and Lagenidium rabenhorstii was according to 
ZoPF (1888) a parasite of filiform green algae. In our 
study, Lagenidium oophilum was found to grow on 
Daphnia puIex specimens, Lagenidium archalianum 
on Cyclocypris laevis and Lagenidium rabenhorstii on 
Simocephalus vetulus. Also Myzocytium egastomum 
was found on the specimens of Simocephalus vetulus 
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and Bosmina longirostris. This fungus is known as a par- 
asite of many alga species (BATKO 1975) and was al- 
ready described at the end of the 19 t~ century (WILDE- 
MAN 1892). 
Two varieties of the species Pythium arrhenomanes 
and a variety of Pythium artotrogus were also found for 
the first time growing on these crustaceans. Pythium ar- 
rhenomanes var. canadense was found to grow on Dia- 
cyclops bisetosus and Daphnia pulex specimens in some 
water bodies studied by us. It was first described by 
VANTERPOOL • TRUSCOTT (1932) on root rot of cereals. 
Pythium arrhenomanes var. philippinense was first de- 
scribed by ROLDAN (1932) as a parasite of corn in the 
Philippine Islands. This fungus was found by us on Sida 
crystaIlina specimens in water collected from River 
Supragl and Lake Komosa. Pythium artotrogus var. 
macracanthum was growing in all of our water bodies 
on specimens of Eudiaptomus gracilis (Copepoda) and 
Cypria ophthalmica (Ostracoda). It was first described 
by SIDEalS (1932) from diseased roots ofAnanas ativus 
on the islands of Oahu and Mani of the Hawaiian 
Archipelago. 
Finally, EndocochIus asteroides, a representative of 
the class Zygomycetes, is known as endoparasite of 
amoebae. It was first reported as isolated from soil by 
DRECHSLE~ (1935). But we observed its growth on Eudi- 
aptomus graciloides (Copepoda) and Daphnia magna 
(Cladocera). 
Fungus species as parasites of crustaceans and fish 
Worth noting is the growth of Aphanomyces a taci on 
one species of Calanoida (Eudiaptomus gracilis), on 
four species of Cladocera (Ceriodaphnia quadrangula, 
Daphnia cucullata, Daphnia pulex and Holopedium 
gibberum) and two species of Ostracoda (Cyclocypris 
laevis and Cypris ophthalmica). This fungus is known 
to cause from time to time on all continents the so- 
called crayfish plague among noble crayfish. Like in 
one of our previous tudies (CZECZUGA et al. 2000), we 
did not observe this fungus on Cyclopoida representa- 
tives, although we found it, apart from four species of 
noble crayfish inhabiting Polish waters (CzEcZUOA et 
al. 1998b), also on bottom inhabiting crustacean 
species uch as Asellus aquaticus, Gammarus fossarum 
and PaIlasioIa quadrispinosa (CzEcZUGA et al. 1999b). 
It can also grow on certain species of aquatic insects 
(CZECZUGA & GODLEWSKA 1994,1998, 2001; CZECZU- 
GA et al. 1999a). Both plankton and benthos crus- 
taceans, as well as certain species of aquatic insects 
serve as vectors for this dangerous fungus for noble 
crayfish. 
Also a number of zoosporic fungus species which are 
frequently causing a mass death of eggs, fry or grown- 
up fish (CzECZUGA & MUSZYlqSKA 1998, 1999) were 
found to grow on the freshwater crustacean species ex- 
amined in the present study. The most common were 
species of the genus Saprolegnia nd of the genus 
AchIya. 
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